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EXECUTIVE SUMMARY

STRUCTURAL IMPACT OF
CONSTRUCTION LOADS

Introduction

Numerous bridge construction accidents have occurred because

of construction loadings, which are an underemphasized topic in

many specifications and design manuals. Bridge girders are least

stable during the construction phase, so it is important for bridge

designers and contractors to understand and design for conditions

during this phase. The Indiana Department of Transportation’s

current Standard Specifications contain limited construction load

provisions and temporary bracing requirements; therefore this

study was performed to identify and implement new requirements

to proactively prevent construction accidents from occurring in

Indiana.

Various documents were examined in this study, including

AASHTO and ASCE standards and the standard specifications

and design manuals of other departments of transportation. Based

on these documents, new falsework and formwork design loads,

including horizontal loads, impact loads, and wind load, were

developed and proposed. INDOT currently specifies only

construction dead load and live loads. A set of drawings showing

proposed minimum lateral bracing requirements was also created

to help ensure the stability of prestressed concrete and steel girders

during construction.

Findings

To develop new proposed falsework and formwork design

loads, the results of the literature review were studied and then

discussed with a committee consisting of INDOT bridge

engineers, consulting engineers, and Indiana contractors in a

series of meetings. For various construction load types, appro-

priate specification language was developed, and if needed,

analysis performed. For some of the design loads, it was agreed

to simply adopt the corresponding provision in the AASHTO

Guide Design Specifications for Bridge Temporary Works.

The following provisions are recommended for inclusion in

INDOT’s Standard Specifications:

N A dead load of 150 pcf for concrete and reinforcing steel,

plus 15 psf for formwork, consistent with a current INDOT

design memo.

N A live load consisting of known construction loads, a 20 psf

uniform load, and a 75 plf load at overhangs, also consistent

with the current design memo.

N A minimum vertical load of 100 psf and a minimum

horizontal load equal to 2% of the dead load.

N An impact load requirement for falsework, potentially

affected by placement or lifting operations, and of any

falsework over or adjacent to traffic.

N A new wind load provision, including tables that provide a

wind pressure table and a reduction factor.

N Minimum bracing requirements for prestressed and steel

girders. Proposed standard drawings would require girders

to be adequately braced during erection and before slab

placement.

Implementation

N The new design load requirements are proposed additions to

the appropriate sections of INDOT’s Standard Specifications

and Design Manual. Provisions would require falsework and

formwork to be designed for dead load, live load, impact

load, wind load, and minimum horizontal and vertical loads.

N The minimum bracing requirements for prestressed concrete

and steel girders are proposed as standard drawings. Some

provisions in the notes section of the drawings would be

appropriate for inclusion in the Standard Specifications.

N Use of the bracing requirements would not relieve the

contractor of responsibility for the adequacy of the bracing

system and the safety of the structure.

N It is recommended that bracing systems must be designed by

an engineer according to the minimum bracing requirements,

and proposed details must be submitted to INDOT for

review prior to erection.
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1. INTRODUCTION

In the past few decades, there have been several
significant bridge construction accidents across the
country caused by construction loads. Bridges are
designed to carry a full design vehicle loading when
they are completed, but not enough attention is given to
their strength and stability during construction.
Gaining a better understanding of the construction
loads that act on a structure could help prevent future
accidents. Many past failures have been caused by
inadequately designed falsework, formwork, or bracing
systems, and some departments of transportation have
reacted by reviewing the construction requirements in
their standard specifications, construction manuals and
other related documents.

In Maryland in 1989, a Route 198 bridge under
construction collapsed during deck placement, spilling
wet concrete onto the road below. The failure was later
attributed to inadequate shoring towers (1). Shortly
after the accident, the Federal Highway Administration
(FHWA) began studying ways to improve specifica-
tions used in designing temporary shoring in bridge
construction. The American Association of State
Highway and Transportation Officials (AASHTO)
later used some of the FHWA’s results in developing
the Guide Design Specifications for Bridge Temporary
Works (1).

In Colorado, during a construction project on a C-
470 overpass in 2004, insufficient temporary bracing
allowed a steel girder to crash down onto I-70. The fall,
caused by a gust of wind, crushed a vehicle travelling on
I-70 and killed a family of three (2). Figure 1.1 shows
the collapsed girder and the remains of the vehicle.
Another accident occurred in 2005 in Lansing, Illinois,

when a set of steel girders laterally buckled and fell off
its piers, killing one worker (3).

A 1986 study published in the ASCE Journal of
Construction Engineering and Management researched
the causes of dozens of falsework failures and
concluded that 49% of the accidents happened during
concrete pouring (4). The bar chart shown in Figure 1.2
illustrates the frequency of falsework failures examined
in 85 cases reviewed in the study. Failures during
concrete placement are four times more frequent than
the next leading cause of falsework failure. This paper
quantified the magnitude of this problem and even with
this awareness these types of failures continue to
frequently occur.

The Indiana Department of Transportation
(INDOT) specifications (5) are currently sparse in their
requirements for falsework, formwork, and bracing. It
is important for INDOT to be proactive in improving
its standards to minimize the risk of these types of
accidents. This study was performed to find ways to
improve the state’s construction requirements to help
prevent future collapses and failures.

A committee was formed consisting of INDOT
personnel, design consultants and contractors to
provide input to the project. With their direction, the
focus of the project was narrowed down to two main
topics that needed to be addressed to improve bridge
construction safety in Indiana: falsework and form-
work design loads, and temporary bracing.

INDOT’s Standard Specifications (5) currently con-
tain very little information about falsework and form-
work design. Other states have expanded their
requirements to define several different types of
construction loads, while Indiana only specifies a dead
load and a live load for construction. This study sought
to evaluate other types of construction loads and
incorporate them into the state’s design requirements.

Figure 1.1 Collapsed C-470 girder in 2004 (2). Figure 1.2 Falsework collapse by construction stage (4).
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The state can also be proactive by improving its
temporary bracing requirements of bridge girders
during construction. There are currently no provisions
for construction lateral bracing or details.

Although new, more stringent temporary structure
requirements may lead to more time-consuming, and
therefore more expensive construction requirements,
the benefits of implementing new provisions far out-
weigh the costs. The prevention of future accidents is
invaluable. Bridge collapses can cost millions of dollars
in site cleanup, materials, equipment, lost time, and
sometimes lead to lawsuits, injuries, or loss of life. An
article from Minnesota Public Radio in 2007 estimated
that the total cost of the 2005 Minneapolis I-35
collapse, which occurred during deck reconstruction,
was nearly $400 million (6).

2. DESIGN LOAD RECOMMENDATIONS

2.1 Introduction

INDOT’s current Standard Specifications (5) has
limited requirements on design loads for falsework and
formwork. Sections 702.13 and 702.14, covering forms
and falsework, prescribe only a dead load due to the
weight of the concrete and a construction live load.

In comparison with many other states’ transporta-
tion agency standard specifications, and with American
Association of State Highway Transportation Officials
(AASHTO) and American Society of Civil Engineering
(ASCE) documents, more construction load require-
ments need to be developed and included in the INDOT
Standard Specifications in order to mitigate apparent
shortcomings.

The standard specifications from 16 different Depar-
tments of Transportation were examined: Arizona,
California, Colorado, Florida, Idaho, Illinois, Kentucky,
Maryland, Michigan, Minnesota, New York, Ohio,
Pennsylvania, Texas, Washington, and Wisconsin (7–
22). The AASHTO Guide Design Specifications for
Bridge Temporary Works (23,24) and ASCE 37-02:
Design Loads on Structures During Construction (25)
were also reviewed.

AASHTO Guide Design Specifications for Bridge
Temporary Works, a 1995 document with 2008
revisions (23,24), provides the most comprehensive
design load requirements. In discussions with the
aforementioned committee, it was decided that many
of the construction design loads in this document
should be considered for adoption into INDOT
Standard Specifications, with some exceptions, as noted
in the following sections.

2.2 Dead Load

INDOT’s current construction dead load require-
ment is 150 pounds per cubic foot (pcf) for vertical
loads due to the weight of the concrete. This value is
consistent with other agencies studied. Some agencies
require 150 pcf for the density of the concrete and
reinforcing steel, while others require 160 pcf, which

includes the concrete, reinforcing steel, and forms.
AASHTO Bridge Temporary Works (23,24) uses the
latter requirement.

INDOT’s Design Memorandum No. 10-18 (26)
prescribes several construction loads to be used in the
design of bridges. Though the design of a bridge often
differs from the design of its falsework, formwork, and
bracing, the dead load requirement applies to both. It is
recommended that the dead load be kept consistent
between falsework and bridge designs. The memor-
andum lists a formwork weight of 15 psf ‘‘for
permanent metal stay-in-place deck forms, removable
deck forms, and 2-ft exterior walkway,’’ to be added as
a dead load to the weight of the concrete and
reinforcing steel. This language is appropriate for
inclusion into the Standard Specifications.

AASHTO Bridge Temporary Works (23,24) lists a
lightweight concrete design weight of 130 pcf. However,
since lightweight concrete unit weight can vary sig-
nificantly among different projects, it is recommended
that INDOT’s Standard Specifications require that
falsework and formwork shall not be designed with a
reduced design weight for lightweight concrete. Using
the normal-weight concrete design value of 150 pcf is
acceptable when using lightweight concrete. It would be
appropriate for a reduced design weight for lightweight
concrete to be used on a particular project, if approved
by INDOT.

The following requirement for construction dead
load is recommended for adoption into INDOT’s
Standard Specifications (5):

The combined density of concrete and reinforcing and

prestressing steel shall be assumed to be not less than 150
pcf for normal-weight concrete and for lightweight
concrete. Exceptions to the lightweight concrete design
weight can be requested for approval from INDOT.

The weight of formwork shall be assumed to be not less
than 15 psf, including permanent metal stay-in-place deck

forms, removable deck forms, and a 2-foot exterior
walkway.

2.3 Live Load

INDOT’s Standard Specifications (5) currently
requires a live load of 50 psf on horizontal projec-
tions of surfaces for falsework and formwork design.
This requirement differs from other agencies. Several
state transportation agencies list the same 50 psf as
Indiana for both falsework and formwork. Others,
however, list a combination of point loads represent-
ing known loads, plus a 20 psf uniform load, plus a
75 plf linear load at overhangs, for falsework design,
while using the 50 psf value for formwork design.
INDOT Design Memorandum No. 10-18 (26) uses the
combination of point loads, 20 psf uniform load and 75
plf linear load, with more clarification about the
location of these loads. It is recommended that the
Standard Specifications be kept consistent with
the memorandum.
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An analysis was conducted in order to determine how
much more conservative the proposed new requirement
would be compared to the old requirement of 50 psf for
both falsework and formwork. A design example found
in Chapter 5 of the 2009 Kansas Department of
Transportation (KDOT) Design Manual (27) shows a
thorough design of a typical falsework and formwork
system for a steel girder bridge. The example was used to
evaluate falsework using both the old 50 psf requirement
and the new proposed requirement. More information
on this example and the calculations performed can be
found in Appendix A. It was found that the new
requirement led to a design about 10% less conservative
– a significant but not extreme amount. This validates
the proposed values as appropriate for adoption into
INDOT’s specifications.

Using the requirements in AASHTO Bridge Tem-
porary Works (23,24) and Design Memorandum 10-18
(26), the following requirement for construction live
load on falsework is recommended for inclusion in the
Standard Specifications:

The construction live load shall consist of:

N The actual weight of any equipment to be supported,
applied as concentrated loads.

N A uniform load of 20 psf, applied over the area
supported and extending 2 feet past the edge of coping.

N A 75 plf vertical force, applied at a distance of 6 inches
outside the face of coping over a 30-foot length of the
deck centered with the finishing machine.

It is recommended that this requirement apply only
to falsework design, while the 50 psf uniform load
should be used for formwork design.

2.4 Combined Dead and Live Load

AASHTO Bridge Temporary Works (23,24) contains
a minimum design vertical load to be applied regardless
of slab thickness. The value would only govern in
designs with unusually thin slabs. The requirement is
appropriate for INDOT to adopt:

The minimum total design vertical load for any falsework
member shall be not less than 100 psf for the combined
dead and live load, exclusive of any increase for impact,
regardless of slab thickness.

2.5 Impact Load

Some state’s specifications require an impact load,
which helps ensure a bridge’s stability should an
accident occur during construction. There were two
types of impact loads found in the literature search – a
design provision in AASHTO Bridge Temporary Works
(23,24) accounting for lifting and placement operations,
and a requirement in a few states’ specifications for
vehicular impact on falsework.

AASHTO Bridge Temporary Works (23,24) requires
an increased design load for any members subject to
placement or lifting operations. It states:

For members subject to impact during placement opera-
tions, the design dead load must be increased by at least 30
percent of the weight of the material being placed.

For members subject to impact during lifting operations,
the static load due to the payload must be increased by at
least 30 percent.

It is recommended that INDOT adopt this require-
ment from AASHTO. Accounting for an increased
design load to include impact is consistent with the
large number of failures that occur during concrete
placement. As stated in the Introduction, the 1986
study Analysis of Causes of Falsework Failures in
Concrete Structures considered over 85 failures related
to falsework, and found that 49% of them occurred
during the concrete placement phase (4).

A vehicle impact provision is contained in some
states’ specifications. It applies to the design of any
falsework potentially subjected to collision, and lists
minimum design requirements for any such members.
Designs adhering to this section would help ensure the
stability of falsework over or adjacent to traffic,
reducing the potential for collapse should vehicular
impact occur. It is recommended that Indiana adopt the
following language:

Falsework over or adjacent to roadways or railroads which
are open to traffic shall be designed and constructed so that
the falsework will be stable if subjected to impact by
vehicles. Falsework posts which support members that
cross over a roadway or railroad shall be considered as
adjacent to roadways or railroads. Other falsework posts
shall be considered as adjacent to roadways or railroads
only if they are located in the row of falsework posts
nearest to the roadway or railroad, and the horizontal
distance from the traffic side of the falsework to the edge of
pavement or to a point 10 feet from the centerline of track
is less than the total height of the falsework and forms.

Falsework shall not be considered adjacent to roadways or
railroads if it is protected from traffic by an approved
barrier. If not properly protected, the appropriate loads are
as follows:

N Falsework posts adjacent to roadways or railroads shall
consist of either steel with a minimum section modulus
about each axis of 9.5 inches cubed or sound timbers
with a minimum section modulus about each axis of 250
inches cubed.

N Each falsework post adjacent to roadways or rail-
roads shall be mechanically connected to its support-
ing footing at its base, or otherwise laterally
restrained, so as to withstand a force of not less than
2,000 pounds applied at the base of the post in any
direction except toward the roadway or railroad
track. The posts also shall be mechanically connected
to the falsework cap or stringer. The mechanical
connection shall be capable of resisting a load in any
horizontal direction of not less than 1,000 pounds.

2.6 Horizontal Load

In the design of temporary structures, horizontal
loads occur because of wind load and horizontal

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/18 3



construction loads. Many documents contain the
following provision that gives a minimum horizontal
load, not including the wind load. The section is
appropriate for adoption in Indiana:

The horizontal design load shall consist of the sum of any

actual horizontal loads due to equipment, construction

sequence, or other causes, excluding the specified wind

load, but in no case shall the horizontal design load be less

than 2 percent of the total dead load to be supported at the

point under consideration.

2.7 Wind Load

INDOT’s Standard Specifications do not contain a
wind load requirement for falsework and formwork
design. AASHTO Bridge Temporary Works (23,24) and
the specifications from California and Washington
(8,21) are relatively progressive and contain simplified
tables listing design wind pressure values depending on
the height zone of the falsework. A similar table for
INDOT was developed and is recommended for
adoption.

The design wind load was developed based on the
method prescribed in ASCE 7-10 (28). A 115-mph
design wind speed was used to find appropriate wind
pressure values. A wind pressure reduction factor was
adapted from ASCE 37-02 (25) and is also recom-
mended to account for the low probability of a 50-year
design wind speed occurring in a construction period of
no more than 5 years. A thorough explanation of the
development is included in Appendix B. The resulting
requirements, recommended for adoption in Indiana,
are as follows:

The minimum horizontal load to be allowed for wind on

falsework is dependent on the Exposure category of the

falsework. Falsework shall be assigned one of the following

Exposure categories:

N Exposure B: Has terrain with buildings, forest, or surface

irregularities 20 ft or more in height covering at least 20

percent of the area extending 1 mile or more from the

site.

N Exposure C: Has terrain which is flat and generally open,

extending K mile or more from the site in any full

quadrant.

N Exposure D: Represents the most severe exposure in

areas with basic wind speeds of 80 miles per hour (mph)

or greater and has terrain which is flat and unobstructed

facing large bodies of water over one mile or more in

width relative to any quadrant of the construction

site.

The following method for calculating design wind loads

only applies for the design of falsework categorized as

Exposure B or C, and with a height no more than 75

feet above the ground. Design wind loads on false-

work categorized as Exposure D, or on falsework taller

than 75 feet, shall be calculated according to ASCE 7-

10 – Minimum Design Loads for Buildings and Other

Structures, or the most recent version of ASCE 7.

Wind Load Procedure for Falsework Categorized as

Exposure B or C:

The minimum horizontal load to be allowed for wind on
all types of falsework shall be the sum of the products of the
wind impact area, the applicable wind pressure value for
each height zone, and the wind pressure reduction factor.

Wind Impact Area:

For unenclosed falsework frames and shoring towers, the
wind impact area on each applicable face is the total projected
area of all the elements in the falsework normal to the direction
of the applied wind. Wind impact shall be considered on all
faces normal to the direction of the applied wind.

For enclosed frames or towers, the wind impact area shall
be the gross projected area of the falsework and any
unrestrained portion of the permanent structure, excluding
the areas between falsework posts or towers where diagonal
bracing is not used. Wind impact shall be considered on the
first face normal to the direction of the applied wind. Wind
impact shall also be considered to act on the sides of enclosed
towers, applied perpendicular to the direction of the wind load
and outward from the tower, multiplied by a factor of 0.60.

Wind Pressure Values:

Wind pressure values shall be determined from [Table 2.1].

Wind Pressure Reduction Factor:

The wind pressure reduction factor, as shown in
[Table 2.2], shall be applied based on the length of the
construction period. The construction period shall be taken
as the time interval between the first and last use of

falsework on the project.’’

Appendix B contains an explanation of the 0.60
factor and a figure clarifying its application.

3. TEMPORARY BRACING
RECOMMENDATIONS

3.1 Introduction

As a result of committee meetings, it was decided
that temporary bracing regulations should be devel-
oped for INDOT, since several contractors expressed a
desire for more guidance in their use of temporary
lateral bracing on girders.

TABLE 2.1
Design Wind Pressure Values

Height Above

Ground (ft)

Wind Pressure (psf)

Typical

Falsework

Falsework over or

Adjacent to Traffic Openings

0–25 30 35

25–50 35 40

50–75 40 45

TABLE 2.2
Design Wind Pressure Reduction Factor

Construction Period Wind Pressure Reduction Factor

Less than 6 weeks 0.57

6 weeks to 1 year 0.64

1 to 2 years 0.73

2 to 5 years 0.81
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Information from two different states in particular
was used in developing new requirements for Indiana:
Texas, which has a set of drawings for its Minimum
Erection and Bracing Requirements (29), and Florida,
which recently updated its Structures Design Guidelines
(30) with some temporary bracing requirements.

According to FDOT’s guidelines, there are three
different phases in a bridge’s construction that are
critical to the stability of its girders (30):

1. Girder Placement – Girder is placed on its bearing pads
and sits in place unbraced; loads include self-weight and
wind load.

2. Braced Girder – Braced beam sits on bearing pads; loads
include self-weight and wind load.

3. Deck Placement – Deck is cast, but not yet hardened,
over braced girders; loads include beam self-weight,
wind load, and construction loads including the weight
of the deck.

These three cases were carefully considered in the
development of new bracing requirements. The deck
placement phase is often the most critical stage, since
the beams must carry the weight of the deck, but the
deck has not yet gained sufficient stiffness to provide
lateral stability to the beams.

The objective of this portion of the study was to
produce bracing drawings containing minimum bracing
requirements that will provide more guidance to
contractors on how to use temporary bracing. One
drawing was developed for prestressed concrete girders,
and one for steel girders. The drawings were based
partly on Texas’ Minimum Erection and Bracing
Requirements (29), partly on analysis verifying the
numbers found in those drawings, and largely on
discussions with the committee about the best and most
practical bracing methods. The resulting drawings can
be found in Appendix C (prestressed girders) and
Appendix D (steel girders).

The proposed requirements are only intended for
guidance, and are not intended to relieve the contractor
of responsibility for the adequacy of the bracing
systems.

3.2 Temporary Bracing of Prestressed Concrete Girders

In order to ensure the stability of girders at
placement, it was decided that each beam must be
braced before it is released from the crane used to place
it, eliminating the possibility of an unbraced beam
falling after it is placed. The first girder placed in a span
should be braced to the bent with ‘‘anchor’’ bracing,
which may use various combinations of tension and
compression members to secure the girder. Figure C.2
(in Appendix C) was created, based on a similar
drawing in FDOT’s Structures Design Bulletin 10-01
(31), to show some acceptable forms of anchor bracing.
The second girder in the span must be braced to
the anchored beam in at least one location before it
is released from its crane, using either cross bracing
or horizontal bracing, whichever is required. Each

subsequent girder must be braced to another secure
girder before it is released from the crane. Ideally, each
girder would be secured with all braces before it is
released, but due to lane closure restrictions on the
under-passing roadway, such practice is often not
feasible. Instead, at least one brace – the one closest
to midspan – is required to be in place, and the rest of
the braces should be installed as soon as practical to
fully secure the girder.

The drawings show some acceptable forms of cross
bracing and horizontal bracing (again based on FDOT
Structures Design Bulletin 10-01 (31)). In TxDOT’s
Minimum Erection and Bracing Requirements (30), cross
bracing is required in exterior bays, in every fourth
bay, and between the first two girders erected, and
horizontal bracing is considered adequate in other
locations. Because cross bracing provides more stiffness
than horizontal bracing, it was agreed that this
requirement from TxDOT was appropriate, and is
recommended for INDOT. It was also agreed that it
would be acceptable for the contractor to simply install
permanent diaphragms in place of the temporary
braces.

In TxDOT’s Minimum Erection and Bracing Requi-
rements (30), the anchor bracing, cross bracing, and
horizontal bracing are all considered part of the
erection bracing system that stabilizes the span
between girder placement and the deck placement.
Before the casting occurs, though, the deck placement
bracing system should be satisfied. Since the deck
placement construction phase is often the most critical
to the stability of the beams, deck placement bracing
requires more bracing than the erection bracing
system. After discussions with the committee, how-
ever, it was decided that such bracing is sometimes
unnecessary, and should be used if required by design
but not required for all cases. When extra bracing is
necessary for deck placement, it is suggested that
permanent diaphragms should be installed before deck
placement, and additional cross bracing should be
used in exterior bays of the span. Additional cross
bracing, spaced halfway between the permanent
diaphragms, would help resist rotation in the exterior
beams; thus it is suggested as part of the Minimum
Bracing Requirement drawings.

3.3 Analysis of Unbraced Lengths

TxDOT’s Minimum Erection and Bracing Require-
ments (30) specifies a 609 maximum spacing between
temporary braces along the length of the beam. It was
decided that it would be beneficial for INDOT to
prescribe a similar spacing limit. An unbraced length
of 509 was selected and analyzed to ensure its
validity.

The analysis was performed using a Mathcad 14
program released by FDOT titled ‘‘Concrete I-Girder
Beam Stability Program’’ (32) that checks the stability
of a girder at each of the three critical phases – girder
placement, braced girder, and deck placement. At each
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phase, the program checks the stresses at midspan and
at the ends of the beam due to the construction loads
and prestressing forces. It then checks the roll stability
of the beam according to the method detailed in Robert
Mast’s paper Lateral Stability of Long Prestressed
Concrete Beams (1989 and 1993) (33,34). As mentioned
in the Literature Survey, Mast argues that prestressed
beams are torsionally rigid, and their stability is
controlled by the ability of the bearing pad to
rotationally resist the beam’s lateral deflection. The
program follows Mast’s equations to calculate the
beam’s rotation and check it against cracking and
fracture limits. The program was slightly modified in
this study to incorporate the new proposed wind load
for Indiana, which is different from that in Florida. The
program is attached in Appendix E.

An unbraced length of 50 feet was tested for a wide
range of AASHTO standard prestressed girders. The
girders were designed in a program titled ‘‘PSBeam,’’
which allows the user to design a prestressed girder,
including the strand patterns, as part of a bridge span.
Each AASHTO beam was designed in PSBeam in order
to obtain a working prestress force and strand
eccentricity to input into the FDOT Stability program.
Appendix F shows the output for the 720 AASHTO VI
girder.

Five different girder sizes were tested, each with a
509 unbraced length, and each passed the design
checks in the stability program. Table 3.1 summarizes
the results.

Based on the positive results of the analysis, it is
concluded that 50 feet is a reasonable limit for
maximum temporary brace spacing. The limit does
not mean that 50 feet is an adequate spacing on every
bridge – each project must have its bracing system
designed, and the bracing must satisfy strength and
stability conditions. The proposed requirement is that
temporary bracing be spaced as required by design, but

not to exceed 50’ in any case. It would provide a
conservative limit to ensure stability.

3.4 Temporary Bracing of Steel Girders

The development of steel bracing regulations was
approached in much the same way as the prestressed
regulations. The same provision was agreed upon that
requires each girder to be braced before it is released
from the crane, and for the first beam to be connected
to the bent using anchor bracing. The proposed steel
requirements, like prestressed, require an erection
bracing system when the girders are placed, and if
required by design, specifies a slab placement bracing
system that should be in place before the slab is cast.
The erection bracing system for steel girders, though,
requires the permanent diaphragms to be installed
rather than temporary braces. For slab placement
bracing, it is recommended that additional intermediate
braces be placed in exterior bays to help prevent
rotation. Similar to the proposed prestressed require-
ments, it is suggested that if needed, these intermediate
braces should be spaced halfway between permanent
diaphragms.

TxDOT requires that all curved girders be secured at
both ends with anchor bracing. Since curved girders are
significantly less stable than straight girders, it was
agreed that this provision should be adopted in
Indiana. The committee also suggested that cross
bracing should be placed next to all field splices in
curved girders. An exception can be made for any
curved girder spans that are connected on the ground
before being lifted onto the piers, as such practice
prevents the initial instability the bracing also
addresses.

The proposed bracing requirements would be an
important step in improving the safety of bridge
construction projects across the state. If implemented,

TABLE 3.1
Results of Unbraced Length Analysis

Beam Type AASHTO II AASHTO III AASHTO IV AASHTO V AASHTO VI

Height (in) 36 45 54 63 72

# PS Strands 22 32 54 60 64

PS force (kips) 740 990 1670 1860 1980

PS cg (in) 13.2 13.6 16.0 15.7 19.0

yb (in) 15.8 20.3 24.7 32.0 36.4

Eccentricity (in) 2.6 6.7 8.7 16.3 17.4

Span (ft) 50 50 100 100 100

# Braces 0 0 1 1 1

Unbraced Length (ft) 50 50 50 50 50

Stress - Placement OK OK OK OK OK

Stress - Braced OK OK OK OK OK

Stress - Deck OK OK OK OK OK

Stability - Braced OK OK OK OK OK

Stability - Deck OK OK OK OK OK
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they would help prevent accidents that could be caused
by unstable girders under construction loads.

4. SUMMARY AND CONCLUSIONS

The goal of this study was to properly identify the
state’s temporary support and loading requirements
during construction. In implementing these require-
ments, INDOT can proactively reduce its risk of
construction accidents similar to those that have
occurred elsewhere in the country. Despite potentially
raising the cost of construction, the proposed upgrades
would prove invaluable by helping to eliminate the
possibility of an expensive and disastrous accident. The
following provisions are recommended for inclusion in
INDOT’s requirements:

N A dead load of 150 pcf for concrete and reinforcing steel,
plus 15 psf for formwork, consistent with the current
design memo.

N A live load consisting of known construction loads, a 20
psf uniform load, and a 75 plf load at overhangs, also
consistent with the current design memo.

N Minimum vertical load of 100 psf and minimum
horizontal load, equal to 2% of the dead load, to ensure
conservative design.

N An impact load requiring conservative design of any
falsework potentially affected by placement or lifting
operations, and of any falsework over or adjacent to traffic.

N A new wind load provision, including simple tables that
would provide a wind pressure table and a reduction
factor. Analysis was performed using ASCE 7-10 method
with a 115-mph design wind speed. A SAP model was
used to confirm proper use of the gust effect factor.

N Minimum bracing requirements for prestressed and steel
girders. Proposed standard drawings would require
girders to be adequately braced before they are released
from the cranes during erection and before slab
placement. Buckling analysis verified potential spacing
limits for lateral bracing.

Implementing the new design loads will ensure that
structures are more equipped to handle actual construc-
tion loads, and the lateral bracing provisions will help
improve safety in the field by reducing the possibility of
dangerous collapses. By implementing these proposed
requirements, INDOT can take a significant step toward
preventing bridge construction accidents.
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APPENDIX A. EXAMPLE LIVE LOAD

CALCULATION

An analysis was performed in order to determine how much more
conservative the proposed new live load requirement would be
compared to the old requirement of 50 psf for both falsework and
formwork. A design example found in Chapter 5 of the 2009
Kansas Department of Transportation (KDOT) Design Manual
(1) shows a thorough design of a typical falsework and formwork
system for a steel girder bridge. The design example uses 50 psf for
both falsework and formwork design. For this study, the
falsework design was redone using the new proposed live load
requirement for the design of the overhang brackets, which are
categorized as falsework, with all other given information held
constant.

Figure A.1 shows a cross section of the bridge in the design
problem. The overhang bracket analyzed in this study is shown on
the left exterior girder. The information given about the bracket is
shown in Table A.1 and Figures A.2 and Figures A.3.

In the example, four design checks were performed related to
the overhang bracket: the total vertical load, the compression
force in the strut, the shear in the bolt, and the force in the hanger
rod. Each of these components is shown in Figure A.2. The four
calculations were performed in the Design Manual, using a live
load of 50 psf, as shown in Figure A.4. They have been
reformatted for this report, but the values are the same.

To observe the effect of using the proposed new live load, the
four design checks were then performed in this study using a 20 psf
uniform live load and a 75 plf linear live load at the overhangs. All
other values (dead load, screed weight, etc.) were held constant to
isolate the effect of changing the live load. The results of these
calculations are shown in Figure A.5.

Finally, Table A.2 shows a comparison of the design checks
calculated with the two different live loads. The results show that
the proposed new live load is about 8–10% less conservative than
the old method – a significant but not extreme value. This
validates the proposed values as appropriate for adoption into
INDOT’s specifications.

Figure A.1 Falsework and formwork design example (1).

TABLE A.1
Given Overhang Bracket Information

Overhang Bracket Spacing 3 Feet

Bracket Vertical Load Rating 3600 lbs

Screed Load 1087 lbs (per bracket)

Dead Load Concrete Weight 1080 lbs (per bracket)

Bracket Weight 50 lbs (per bracket)

Formwork Weight 88 lbs (per bracket)

Total Dead Load 1218 lbs (per bracket)

Source: (1).
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Figure A.2 Given overhang bracket setup (1).

Figure A.3 Given overhang bracket dimensions (1).

Figure A.4 Given design checks with 50 psf live load (1).
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Figure A.5 Design checks calculated with proposed live load.

TABLE A.2
Comparison of Design Checks with Current and Proposed Live Loads

Calculation Using Live Load 5 50 psf Using Live Load 5 20 psf + 75 plf Difference (%)

Total Vertical Load to Bracket (lbs) 3130 2860 28.6

Compression Force in Strut (lbs) 3025 2721 210.0

Bolt Shear (psi) 7562 6803 210.0

Hanger Rod Force (lbs) 4426 4045 28.6
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APPENDIX B. WIND LOAD CALCULATION

The wind load analysis was performed assuming the Exposure C
case, because Exposure D should rarely be necessary in Indiana.
The resulting wind load requirements are valid for both Exposure
B and Exposure C, and if a project requires Exposure D, it should
be designed according to ASCE 7-10 (1).

Wind Pressure Values:
The design wind pressure in ASCE 7-10 is calculated in

Chapters 26–28 of the document (1). The equation for wind
pressure is

p~qGCp{qi GCpi

� �
ðEq:1Þ

where q 5 qz, the velocity pressure, G is the gust effect factor,
and Cp is an external pressure coefficient determined from a table.
Cpi is an internal pressure coefficient, which is zero for open
structures such as falsework. The velocity pressure qz is shown in
Equation 3.2, where Kz is a velocity pressure exposure coefficient
dependent on the height and the exposure category, Kzt is a
topographic factor, Kd is a wind directionality factor (all three
determined from tables), and V is the basic wind speed in miles per
hour.

qz~0:00256KzKztKd V 2 ðEq:2Þ

Table B.1 shows the value selected for each of the constants,
along with the corresponding sections in ASCE 7-10. Kzt and Kd

can be conservatively estimated as 1.0. Cp, the external pressure
coefficient, was determined from ASCE 7-10, Table 27.4-1. For
this study, Cp was considered to include both the windward and
leeward walls, with the wind pressure to be applied only on the
windward face, to simplify design. The Cp value was estimated at
1.15, the average value between the maximum (1.30) and minimum
(1.00) possible sums of the windward and leeward pressures.

The gust effect factor, G, is dependent on whether the structure
under consideration is rigid. A rigid structure is defined as having
a natural frequency no less than 1 cycle per second. For rigid
structures, G can be taken as 0.85. For non-rigid structures, it
must be calculated with a series of formulas provided in ASCE 7-
10. An analysis was performed with a SAP2000 model in order to
confirm that typical falsework structures are considered rigid.

Dimensions of a falsework system set up on campus were
measured, and a model using similar elements was created. A steel
pipe with an outer diameter of 2 inches and a thickness of 1/80 was
used as a typical falsework member. The vertical members were
considered continuous, with the horizontal and diagonal members
pinned at all joints. The falsework was modeled as a series of bays
measuring 6 feet wide and 6 feet 8 inches high, with diagonal
members bracing each bay. Three models were constructed; each
measured 12 feet wide by 42 feet long and topped with an 8-inch
concrete slab, and the height was varied among the models from
20 feet to 40 feet to 60 feet. Figure B.1 shows side and end
elevation views of the 60-foot model.

The models were analyzed for their natural frequencies, and
were confirmed to be rigid structures. The 20-foot model had a

natural frequency of 4.20 Hz, the 40-foot model 2.15 Hz, and the
60-foot model 2.02 Hz. It was concluded that typical falsework
structures are rigid and can be assigned a gust effect factor of 0.85.

The exposure coefficient Kz varies with height. Table B.2 shows
the value for each height zone from Table 27.3-1 of ASCE 7-10,
the velocity pressure calculated using Equation 2, and finally the
wind pressure calculated with Equation 1.

To simplify the wind pressure values for falsework and
formwork design, the values were then approximated into three
different height zones at intervals of 25 feet: 30 psf for falsework
between 0 and 25 off the ground, 35 psf from 25–50 feet, and 40
psf from 50–75 feet. Table B.3 compares the calculated wind
pressure with the approximated value.

It is suggested that, like in California’s and Washington’s
specifications (2–4) and AASHTO Bridge Temporary Works (5,6),
the wind load should be increased by 5 psf for falsework over or
adjacent to traffic openings to account for the importance of such
falsework. Table B.4 is the wind pressure requirement recom-
mended for Indiana’s specifications.

Wind Pressure Reduction Factor:
As mentioned in the Literature Survey, ASCE 37-02 (7)

contains a provision for reducing the wind speed based on the
length of the construction period. The reduction is encouraged
because the basic wind speed prescribed in ASCE 7-10 (1) is the
50-year design wind speed; i.e., the highest speed which is expected
in a 50-year time frame. For building design, a 50-year design
wind is appropriate because the expected life span of a structure is
often more than 50 years, but for temporary structures, it is highly
unlikely that speed will be reached during short-term construction
periods. The design wind speed can be significantly reduced while
still maintaining a low probability of reaching the 50-year speed.
In this study, it was desired to produce a factor to reduce the wind
pressure, rather than the wind speed, in order to shorten the wind
load design process. Because Equations 1 and 2 show that wind
pressure varies with the square of wind speed, the wind speed
reduction factors in Table B.5 can simply be squared and applied
to the wind pressure instead. Table B.5 shows the results of this
calculation. The construction period is defined as the time between
the first and last use of falsework on the project.

Wind Impact Area:
After the design wind pressure values and an appropriate

reduction factor were determined, the area over which the load
should be applied needed to be specified. For unenclosed
falsework, the wind load simply acts on the projected area of
the falsework perpendicular to the wind. For enclosed (wrapped)
falsework, the wind acts on the gross area of the falsework on the
face normal to the wind, and there is also an external pressure
effect that acts outward on the side faces of enclosed structures.
Table 27.4-1 of ASCE 7-10 lists a pressure coefficient Cp of 0.7
outward from side walls. However, since a Cp of 1.15 was already
factored into the pressure values for walls normal to the wind, 0.7
must be divided by 1.15 to produce a coefficient of 0.60 that
should be multiplied by the wind load to find the pressure acting
outward from the side walls. Figure B.2 illustrates where the wind
load, represented as ‘‘W,’’ shall be applied.

TABLE B.1
Wind Load Variables for ASCE 7-10 Calculation

Variable Value Units ASCE 7–10 Section

Exposure Category C — 26.7.3

Wind Speed V 115 mph 26.5.1

Wind Directionality Kd 1.0 — 26.6

Topographic Factor Kzt 1.0 — 26.8.2

Internal Pressure GCpi 0 — 26.11.1

External Pressure Cp 1.15 — 27.4.1

Gust Effect G 0.85 — 26.9
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TABLE B.2
Calculation of Wind Pressure Values

Exposure Coefficient, Kz Velocity Pressure, qz (psf) Wind Pressure, p (psf)

Height (ft) Section 27.3.1 Section 27.3.2 Section 27.4.1

0–15 0.85 28.8 28.1

15–20 0.90 30.5 29.8

20–25 0.94 31.8 31.1

25–30 0.98 33.2 32.4

30–40 1.04 35.2 34.4

40–50 1.09 36.9 36.1

50–60 1.13 38.3 37.4

60–70 1.17 39.6 38.7

70–80 1.21 41.0 40.0

80–90 1.24 42.0 41.0

90–100 1.26 42.7 41.7

100–120 1.31 44.4 43.4

TABLE B.3
Approximation of Wind Pressure Values

Height (ft) ASCE 7-10 Wind Pressure (psf) Approximate Wind Pressure (psf)

0–15 28.1 30

15–20 29.8 30

20–25 31.1 30

25–30 32.4 35

30–40 34.4 35

40–50 36.1 35

50–60 37.4 40

60–70 38.7 40

70–80 40.0 40

80–90 41.0 N/A

90–100 41.7 N/A

100–120 43.4 N/A

TABLE B.4
Wind Pressure Values for Design of Falsework and Formwork

Height Above

Ground (ft)

Wind Pressure (psf)

Typical

Falsework

Falsework over

or Adjacent to

Traffic Openings

0–25 30 35

25–50 35 40

50–75 40 45

TABLE B.5
Wind Pressure Reduction Factor

Construction Period Wind Pressure Reduction Factor

Less than 6 weeks 0.57

6 weeks to 1 year 0.64

1 to 2 years 0.73

2 to 5 years 0.81
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Figure B.1 60-foot falsework SAP2000 model.

Figure B.2 Application of wind load on enclosed falsework.
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APPENDIX C. MINIMUM BRACING
REQUIREMENTS FOR PRESTRESSED BEAMS

Figure C.1 Erection and slab placement bracing.
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Figure C.2 Typical anchor bracing details.

Figure C.3 Typical cross bracing and horizontal bracing details.
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Figure C.4 Notes on minimum bracing requirements for pre-stressed beams.
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APPENDIX D. MINIMUM BRACING
REQUIREMENTS FOR STEEL BEAMS

Figure D.1 Erection and slab placement bracing.

18 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2012/18



Figure D.2 Typical anchor bracing and intermediate bracing details.
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Figure D.3 Notes on minimum bracing requirements for steel beams.
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APPENDIX E. MODIFIED VERSION OF FDOT’S
BEAM STABILITY PROGRAM
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APPENDIX F. EXAMPLE PSBEAM DESIGN

Figure F.1 PSBeam strand pattern design.
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Figure F.2 PSBeam girder design output.
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